Introduction {#sec1-1}
============

**What was known?**

Simulation-based surgical training in graduate medical education has gained widespread acceptance;Several high-fidelity and low-fidelity bench models have been described for elliptical excision-skill training;These bench models are educational, simple, versatile, portable, easy-to-assemble, and inexpensive tools; however, so far, none of them is complete.

Primary health care practitioners are routinely confronted with pathological process that demands performance of simple cutaneous surgical procedures.\[[@ref1][@ref2]\] However, as most of the general practitioners performing minor surgical procedures do not have any formal surgical training,\[[@ref3]\] and the basic surgical fundaments are not acquired by a large percentage of medical students,\[[@ref4]\] the teaching and learning of cutaneous surgical principles (e.g., excision of skin lesion, closure of skin incision, and others) become an important component of the formation of both undergraduates and newly graduates.\[[@ref3][@ref5]\]

Given that the basic cutaneous skills' training on live patients can neglect ethical and medico-legal aspects, the learning of technical skills on inanimate bench models is becoming widely used in medical education.\[[@ref6][@ref7]\] These inanimate bench models vary widely regarding their level of fidelity (or "realism") to living human patients.\[[@ref7]\] High-fidelity bench models such as parts of *postmortem* animals (e.g., ox tongue, cattle digits, and pig, rat and chicken skins\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13]\]) are limited by high costs, low availability, potential for transmission of infectious disease, and ethical concerns\[[@ref7]\]; and lower-fidelity bench models such as synthetic or organic materials (e.g., polyurethane foam sheet, synthetic ethylene-vinyl acetate, fruits and vegetables\[[@ref9][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\]) sacrifice "realism" for portability, lower costs, and potential for repetitive use.\[[@ref7]\]

Despite the intuitive belief that "the more realistic is the better",\[[@ref21]\] in surgical simulation this cannot be based only on subjectivity\[[@ref22]\]; and so far, few studies have directly compared the effectiveness of low-fidelity bench models *versus* high-fidelity postmortem animal bench models on the acquisition of elliptical excision skills in medical education. Therefore, the purpose of this study was to assess objectively if the fidelity of bench models interferes in the acquisition of elliptical excision skills by novice medical students, using the comparison among four inanimate simulators (two considered of low-fidelity and two of high-fidelity) by means of a randomized controlled blinded study.

Materials and Methods {#sec1-2}
=====================

Subjects {#sec2-1}
--------

The protocol consisted of 40 first- and second-year medical students with no surgical skills background (novices) from a single academic center that volunteered to take part in the study; they were enrolled upon a consent form signed by them, in accordance with the Helsinki Declaration of 1975, as amended in 1983. Local institutional research ethics board approval was obtained.

Study design {#sec2-2}
------------

It was a randomized controlled study with blinded expert examiners, including a pre-test, a 1-h practice phase, and a post-test \[[Figure 1](#F1){ref-type="fig"}\]. The pre- and post-test were identical and consisted in the performance of an elliptical excision (marking of safety margins forming an ellipse, incision and excision of the tissue) for the diagnosis and treatment of a non-melanoma skin cancer measuring 1 cm in diameter simulated on ox tongue. Each student was tested individually and had a total of 12 min to complete the task.\[[@ref23]\] No verbal feedback was provided during pre- and post-tests.

![Study design](IJD-59-169-g001){#F1}

Pre testing {#sec2-3}
-----------

Since the elliptical excisional technique was required, on the day of the experiment, all participants were taught how to use surgical instruments by means of an instructional video\[[@ref24]\] presentation that was repeated and commented during one hour (verbal teaching based on video).\[[@ref25][@ref26]\] Next, all participants underwent a pre-test.

Group assignment and training phase {#sec2-4}
-----------------------------------

Immediately after pre-test, all students were randomly assigned, via a computer generated process, to 1 of 5 groups (*n* = 8) to receive instructor-directed elliptical excision skill training. All 5 groups remained in separate rooms so they were unable to communicate with each other. In Group 1 (control), students were given a training based on didactic materials (textbooks, online texts, and online expert narrated demonstration videos).\[[@ref26]\] The remaining participants in trained elliptical excision skills in a repetitive deliberate form on low-fidelity organic bench model (Group 2), on low-fidelity synthetic ethylene-vinyl acetate bench model (Group 3) \[[Figure 2](#F2){ref-type="fig"}\], on high-fidelity chicken legs' skin bench model (Group 4), or on high-fidelity pig foot skin bench model (Group 5) \[[Figure 3](#F3){ref-type="fig"}\]. This stage lasted one hour\[[@ref25][@ref26]\] for all five groups.

![Low-fidelity bench models simulating a non-melanoma skin cancer and an elliptical excision. (a and b) Organic bench model. (c and d) Synthetic ethylene-vinyl acetate bench model](IJD-59-169-g002){#F2}

![High-fidelity bench models simulating a non-melanoma skin cancer and an elliptical excision. (a and b) Chicken legs' skin bench model. (c and d) Pig foot skin bench model](IJD-59-169-g003){#F3}

Apparatus for hands-on training {#sec2-5}
-------------------------------

The whole teaching process, learning and training of elliptical excision skills given to the students that received hands-on training (groups 2 to 5) was performed on three-dimensional inanimate bench models. The adoption of oranges (organic bench model) and many sheets of ethylene-vinyl acetate glued together as low-fidelity simulation platforms during the training phase was carried out according to some principles previously described by our group\[[@ref16][@ref19][@ref20]\] and by others.\[[@ref17][@ref18]\] Chicken legs and pig feet were used as high-fidelity simulation platforms according to some characteristics described by Khalil *et al*.\[[@ref11]\] and by Purim,\[[@ref12]\] respectively. The training also took some additional materials such as No. 15 surgical blade with scalpel handle, tooth rat tweezers and marking pen.

Instructors, feedback and elliptical excision technique {#sec2-6}
-------------------------------------------------------

All five groups received concurrent and summary feedback from instructors. In order to standardize the teaching and learning, one instructor was randomly allocated via a computer generated process to one of the semi-groups with 4 students each.\[[@ref25]\] Faculty surgeons with long experience in teaching basic and advanced surgical skills to medical students and residents were chosen to be instructors. They are not co-authors of the present study and they did not participate in the blind evaluation process of surgical maneuvers performed during pre- and post-training. On standardized didactic seminar, all instructors were told to teach the elliptical excision technique using the same method \[[Table 1](#T1){ref-type="table"}\].\[[@ref27][@ref28][@ref29][@ref30][@ref31][@ref32]\]

###### 

Standardization of teaching and learning of the elliptical excision technique

![](IJD-59-169-g004)

Post testing {#sec2-7}
------------

Immediately after the training phase, all medical students were randomly assigned to post-test via a computer generated process.

Study blinding {#sec2-8}
--------------

All 80 pre- and post-tests maneuvers were recorded (images focusing only on hand movements) and saved. These digital videos were archived for later analysis and codified by one of the investigators through the use of randomly assigned numbers. All digital videos were independently evaluated in a blinded fashion by two experienced surgical specialists that had no prior knowledge about the groups and did not take part in the training processes. The evaluators were able to fast-forward the tapes, a procedure which, while shortening evaluation time, has been shown to be as effective as viewing the entire skill at its natural pace.\[[@ref33]\]

Outcome measures {#sec2-9}
----------------

All 40 study participants completed pre- and post-training questionnaires in order to measure self-perceived confidence in performing elliptical excision; they rated their confidence on a 5-point Likert scale\[[@ref15]\] with the lowest rating (very unconfident) being 1 and the highest rating being 5 (very confident).

The Global Rating Scale \[[Table 2](#T2){ref-type="table"}\]\[[@ref34][@ref35]\] adapted for elliptical excision evaluation\[[@ref29]\] was used to objectively evaluate (qualitative assessment) elliptical excision performances of each student in eight main areas, each of which was rated in a behaviorally anchored 5-point scale with 1 being the minimum score (unsatisfactory performance) and 5 the maximum score (outstanding performance) for a total maximum score of 40.

###### 

Global rating scale\[[@ref34][@ref35]\] adapted for evaluation of biopsy techniques\[[@ref29]\] used to assess qualitatively and objectively all elliptical excision performances
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Statistical analysis {#sec2-10}
--------------------

In the descriptive analysis, data were summarized as means, medians, standard deviations, 1^st^ and 3^rd^ quartiles, minimum and maximum values. Bioestat^®^ for Windows, version 5.0, was used in the statistical analyses. Student\'s T-test was used for measurable variables. Values were considered significant for a confidence interval of 95% (*P* \< 0.05). Effect sizes were also calculated in order to identify the magnitude of the effect of the intervention regardless of the sample size; effect sizes exceeding 0.80 were considered large.\[[@ref36]\]

Results {#sec1-3}
=======

Qualitative and objective elliptical excision skills evaluation based on global rating scale {#sec2-11}
--------------------------------------------------------------------------------------------

In the blinded evaluations of all maneuvers performed during pre- and post-training, no inter-observer difference was detected between the examiners regarding the qualitative evaluation of means in all five groups (all *P* \> 0.05).

The objective analysis of the elliptical excision pre-training performances showed that the five groups were similar (all *P* \> 0.05) in group-to-group comparisons. The post-training analysis demonstrated that groups 2, 3, 4 and 5 presented superior performance (all *P* = 0.0000) when compared to Group 1. There was no difference (all *P* \> 0.05) in the comparison of groups 2, 3, 4 and 5. Comparing pre-test and post-test, there was a better performance (all *P* = 0.0000) of all five groups in the post-training \[[Table 3](#T3){ref-type="table"} and [Figure 4](#F4){ref-type="fig"}\].

###### 

Mean of the objective and qualitative assessments based on global rating scale pre-and post-training and the effect size. (biopsy training) of elliptical excision
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![(a) Boxplot showing the dispersion of the mean values of all elliptical excision performances post-training based on Global Rating Scale. Groups 2 to 5 were similar to each other (all *P* \> 0.05), but presented a significantly better performance (all *P* = 0.0000) than control Group 1. The diamond symbol represents the mean value. The heavy line is the median. The bars represent the data range. (b) Mean of all elliptical excision performances in pre- and post-tests based on Global Rating Scale. Groups 2 to 5 were similar to each other (all *P* \> 0.05), but improved their qualitative performance significantly more (all *P* = 0.0000) than control Group 1](IJD-59-169-g007){#F4}

Effect sizes {#sec2-12}
------------

The evaluation of the intervention magnitude (elliptical excision training) was considered large (≥0.80) in all performed measurements \[[Table 3](#T3){ref-type="table"}\].

Self-perceived confidence based on likert scale {#sec2-13}
-----------------------------------------------

Regarding students' perceptions about their confidence to perform pre-training elliptical excisions, there were no differences in the group-to-group comparisons made among all the five groups (all *P* \> 0.05). After training, although students from groups 2, 3, 4 and 5 were similar among themselves (all *P* \> 0.05), they felt more confident (all *P* = 0.0000) to perform elliptical excisions when compared to the trainees from Group 1. In the comparison of pre- and post-training, there was increased confidence (all *P* \< 0.05) in all five groups after training \[[Table 4](#T4){ref-type="table"} and [Figure 5](#F5){ref-type="fig"}\].

###### 

Students' perception on their confidence to perform elliptical excision pre-and post-training based on 5-point Likert scale
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![(a) Boxplot showing the dispersion of the mean values of students' perceptions about their confidence to perform elliptical excision post-training based on 5-point Likert scale. Groups 2 to 5 were similar to each other (all *P* \> 0.05), but presented a significantly better confidence (all *P* = 0.0000) than control Group 1. The diamond symbol represents the mean value. The heavy line is the median. The bars represent the data range. The symbols "o" indicates the outliers. (b) Mean of students' perceptions, of all five groups, on their confidence to perform elliptical excision pre- and post-training based on 5-point Likert scale. Groups 2 to 5 were similar to each other (all *P* \> 0.05), but improved their confidence significantly more (all *P* = 0.0000) than control Group 1](IJD-59-169-g009){#F5}

Discussion {#sec1-4}
==========

Since surgical excision with pre-determined safety margins (excisional biopsy) has been described as the therapeutic modality of choice for several dermatologic conditions, such as precancerous and malignant lesions,\[[@ref31]\] and the number of cutaneous lesions has been increasing,\[[@ref1][@ref2]\] this basic technical skill (excision biopsy techniques) that is considered as a cornerstone of cutaneous surgical practice\[[@ref30]\] should be part of the cutaneous surgical armamentarium.\[[@ref28]\]

However, some studies\[[@ref1][@ref2][@ref37][@ref38]\] have shown that the rate of incomplete excision of skin tumors is higher among general practitioners than among specialized doctors (e.g. general surgeons, plastic surgeons, and dermatologists). Therefore, great efforts should be concentrated to train general practitioners\[[@ref1][@ref2][@ref37][@ref38]\] and medical students\[[@ref3][@ref5]\] in the art of proper surgical excision of skin tumors to further improve health outcomes.

Currently, it is recommended to acquire basic surgical skills outside the operating environment (simulation-based training) prior to procedures on live patients.\[[@ref6]\] However, as the practice on fresh human cadavers and on live animals is associated with high costs, risks of infections, need of specialized facilities, and legal/ethical aspects, and the use of virtual reality simulators is hampered by the high costs and lack of access,\[[@ref7]\] several low- and high-fidelity bench models have been described as teaching and learning tools.\[[@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\]

Although, several reports\[[@ref3][@ref8][@ref9][@ref13][@ref15][@ref26][@ref39][@ref40][@ref41][@ref42][@ref43][@ref44]\] in the surgical literature have assessed relevant aspects of the surgical skills' training, including basic cutaneous surgery principles on several bench models, to the best of our knowledge, this is one of the few studies that objectively evaluated the acquisition of elliptical excision skills by novice medical students by comparing low-fidelity bench models and high-fidelity bench models. An extensive English literature review (Medline, Scopus, Web of Science, EBSCO, and Embase databases) showed no relevant reports demonstrating the superiority of high-fidelity simulator over low-fidelity simulator (or the superiority of low-fidelity simulator over another low-fidelity simulator) for teaching elliptical excision skills to novice medical students, although there are similar reports on the teaching of biopsy techniques to internists and residents.\[[@ref27][@ref43]\]

As observed in other studies,\[[@ref45][@ref46]\] the students that trained on simulators (groups 2 to 5) showed a qualitative increase in elliptical excision performances when compared to the didactic training group (control), regardless of the bench model fidelity.

In the present study, the effect sizes (elliptical excision training) were large, indicating that the significant improvement was most likely related to the intervention and not to the sample size.\[[@ref36]\] The evaluations of all elliptical excision performances, carried out by two independent and blinded evaluators, reduced the possibility that this increase in performances was a result of rater bias or of expectations from the non-blinded surgeon raters.\[[@ref15]\]

This study also showed that after a 1-h training session there was an increase in confidence levels for the performance of the skills taught, similar to what was observed by others.\[[@ref47]\] Furthermore, the present results confirm that the acquisition of technical skills on bench models (hands-on training) is more effective than the non-simulated learning.\[[@ref48]\]

Based on similar results found in this study (training on low-fidelity simulators was similar to training on high-fidelity simulators), and on the description that a combination of self-directed training with expert-administered feedback distributed intermittently during a pre-determined period (weeks or months) is an excellent method to teach basic technical skills,\[[@ref42]\] the authors believe that in some situations the four bench models that were studied could be complementary and, consequently, enhance the teaching and learning already established. In those training programs that use pig or chicken skins,\[[@ref11][@ref12]\] in laboratories of surgical technique, the plates of ethylene-vinyl acetate\[[@ref16][@ref17]\] or organic materials\[[@ref19]\] can be adopted as an alternative complementary tool for training sessions at home. Thus, students can train under supervision of instructors in classrooms (concurrent feedback) and they can also practice at home, bringing the ethylene-vinyl acetate plates or organic material with them to resolve doubts with the instructor (summary feedback). In both instances, important aspects to promote good wound healing and cosmesis (e.g., manual dexterity, safe handling of instruments, respect for tissues, and others) can be assessed and taught again to the student; and as a consequence, there is a gain of skills over time.

The present study assessed only one basic skill of cutaneous surgery (elliptical excision training), not meeting all the needs of medical students in training; and it should include the acquisition of other skills (e.g., complex tasks such as anastomosis and others) that can also be trained in simulation environments.\[[@ref42][@ref49]\] Further studies are required to measure the retention of biopsy skills taught over time, the transferability to surgical practice, and also to access if trainees in other training levels (e.g., final year medical students and residents) also acquire excision elliptical skills on bench models, regardless of the fidelity of the material.

Conclusion {#sec1-5}
==========

In summary, the present study demonstrated that the acquisition of elliptical excisional skills on low-fidelity bench models by novice medical students, after 1-h training, was similar to the training on high-fidelity bench models; and the qualitative increase of elliptical excisional performances of participants that received hands-on training was superior to the learning on didactic materials.

**What is new?**

Both high-fidelity and low-fidelity bench models allow novice medical students to practice elliptical excision skills in a safe, controlled, risk-free setting;These bench models allow novice medical students to acquire elliptical excision skills without compromising the qualitative and objective results.This data has an impact on the possibility of using any of these bench models according to the institutional availability.
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